
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation 
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.

Dibakou et al. BMC Infectious Diseases          (2024) 24:872 
https://doi.org/10.1186/s12879-024-09766-3

BMC Infectious Diseases

*Correspondence:
Serge Ely Dibakou
sergeely@live.fr
1Département de Primatologie, Centre Interdisciplinaire de Recherches 
Médicales de Franceville (CIRMF), BP 769, Franceville, Gabon
2Unité d’Evolution Epidémiologie et Résistances Parasitaires (UNEEREP), 
Centre Interdisciplinaire de Recherches Médicales de Franceville (CIRMF), 
BP 769, Franceville, Gabon

3Ecole Doctorale Régionale d’Afrique Centrale en Infectiologie Tropicale 
(ECODRAC), Université des Sciences et Techniques de Masuku, BP 876, 
Franceville, Gabon
4Département de Biologie, Faculté des Sciences, Université des Sciences 
et Techniques de Masuku (USTM), BP 914, Franceville, Gabon
5Département de Parasitologie-Mycologie, Université des Sciences de la 
Santé (USS), Libreville, Gabon

Abstract
Background  In sub-Saharan Africa, understanding of the immune process associated with the COVID-19 pandemic 
remains scarce. This study aimed to investigate the relationship between plasma neopterin concentrations and 
COVID-19 infection, focusing on changes over time and age-related changes in immune response.

Methods  A retrospective case study was conducted during the first wave of COVID-19 from March to August 
2020. Whole blood and associated symptoms and comorbidities were collected from patients of all ages and sexes. 
Concentrations of plasma neopterin were measured using a commercial competitive neopterin ELISA (Neopterin 
ELISA, IBL International GmbH, Germany).

Results  We analyzed data for 325 patients: 38% (n = 124) with COVID-19, and 62% (n = 201) without COVID-19, as 
a control group. We found that plasma neopterin concentrations were significantly higher in the COVID-19 group 
(mean value 45.1 nmol/L (SD 19)) than in the control group (mean value 33.8 nmol/L (SD 13)) (p = 0.004). In addition, 
neopterin levels decreased gradually over time in patients with COVID-19 (p < 0.001). Moreover, ROC analysis found 
that the best cut-off value for diagnosing COVID-19 patients based on plasma neopterin levels was 38.85 nmol/L with 
70% sensitivity and 82% specificity (AUC, 0.74 [0.69–0.82], p < 0.05). We also found an increase in neopterin production 
with increasing age (p < 0.001).

Conclusion  Our findings contribute to our growing understanding of neopterin levels as a promising biomarker for 
the detection of COVID-19 cases in sub-Saharan Africa.
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Introduction
The emergence of the novel coronavirus disease COVID-
19, caused by severe acute respiratory syndrome coro-
navirus-2 (SARS-CoV-2), has led to an unprecedented 
public health crisis worldwide [1]. This virus poses an 
ongoing threat to humanity, infecting millions of peo-
ple and causing significant morbidity and mortality [1, 
2]. Its spreads faster than other coronaviruses, such as 
severe acute respiratory syndrome coronavirus (SARS-
CoV) and Middle East respiratory syndrome coronavirus 
(MERS-CoV) [1], contributing to the rapid worldwide 
spread of the virus [2]. SARS-CoV-2 infection is charac-
terized by a wide spectrum of symptoms similar to influ-
enza, including breathlessness, sore throat, and fatigue 
[1]. In most cases, the infection is mild, including fever, 
dry cough, and fatigue, or cases may be asymptomatic, 
but symptoms can progress to pneumonia, acute respira-
tory distress syndrome, and multi-organ failure in elderly 
patients and those with underlying cardiac and respira-
tory disorders [3].

When the COVID-19 pandemic began, few labora-
tories focused on the immunological aspects of SARS 
CoV-2 [4]. However, as the need to understand the cru-
cial role of immune responses and associated mechanis-
tic factors became apparent, there was a significant shift. 
As a result, immune responses during the COVID-19 
pandemic have been investigated extensively [5, 6]. The 
immune response involves a complex interplay of dif-
ferent components of the immune system. For instance, 
individuals affected with SARS-CoV or MERS-CoV have 
dysregulated cytokine production from both innate and 
adaptive immunity [7]. In addition, elevated production 
of various pro-inflammatory cytokines such IL-2, IL-6, 
IL-7, TNF-a, and the formation of interferon gamma 
(IFN-γ), which activates monocytes and macrophages, 
have been reported as defense mechanisms against 
SARS-CoV-2 [8].

Extensive research has been conducted to inform the 
development of immunotherapies and COVID-19 vac-
cines, and to understand resistance to the virus and the 
pathogenesis of severe disease. These studies range from 
its clinical manifestations to potential biomarkers that 
reflect pathological development and are relevant in 
investigating immune changes with COVID-19 [9]. For 
instance, biomarkers have been used to treat and monitor 
patients with COVID-19 infection [10], identify patients 
at risk of disease progression, and predict disease sever-
ity [11]. For example, elevated levels of C-reactive pro-
tein (CRP) have been used to track the progression of 
COVID-19 in patients and are associated with worse 
prognosis [12].

Neopterin is a biomarker of the cell-mediated immune 
response and is synthesized from guanosine triphosphate 
(GTP) [13, 14]. Neopterin is produced and released by 

monocytes, macrophages and dendritic cells in response 
to interferon gamma (IFNγ) [15]. It is regarded as an 
early biomarker of the cellular immune response and is 
used to investigate the cell-mediated immune status with 
considerable sensitivity [16]. For instance, elevated neop-
terin levels were significantly higher in patients with viral 
infections including dengue fever virus [17], HIV infec-
tion, and influenza [15]; bacterial infections like pul-
monary tuberculosis [15]; parasitic infections including 
helminth parasitism and malaria [18], and autoimmune 
diseases [19].

Neopterin has been extensively studied in relation to 
COVID-19. For instance, neopterin levels are signifi-
cantly correlated with disease severity and poor clinical 
outcomes [20–22]. In addition, serum neopterin levels 
are higher in patients with severe COVID-19 compared 
to those with mild disease [21]. Elevated serum neopterin 
levels at the time of hospital admission have been pro-
posed as a hallmark of severe COVID-19 and a predic-
tor of fatal outcomes [23]. However, neopterin also exerts 
anti-inflammatory and antioxidant effects by suppressing 
NF-κB signaling and NLRP3 inflammasomes [24] and 
can be viewed as a protective factor in COVID-19 [24].

While much has been learned about cellular and 
humoral immunity in response to COVID-19 around the 
world, particularly how response to the virus and vac-
cines varies with age and other demographic informa-
tion, there is a major gap in our understanding of these 
processes in sub-Saharan Africa. There is still a great deal 
interest in studying this relationship in Africa, especially 
as models predicted much higher levels of COVID-19 
cases and associated mortality on the African continent 
[25], but numbers of reported cases are low. Among other 
factors affecting reporting, immunological processes may 
have contributed to limiting disease transmission.

We studied neopterin in relation to the development of 
Covid-19 in Gabon, in Central Africa. Our understand-
ing of the immune process in the study area remains 
poor because few studies are available. Two studies have 
investigated the understanding of clinical features and 
humoral immunity in response to SARS-CoV-2 infection 
[26, 27], while another examined biochemical and hae-
matological markers in COVID-19 cases [28]. Moreover, 
few data are available on genome sequencing of SARS 
CoV-2 [29], the epidemiology of the first cases [30] and 
the emergence of variants of concern [31, 32]. In this con-
text, we investigate changes in plasma neopterin produc-
tion over time of infection and for different ages.

Materials and methods
Study design and participants
A retrospective case study was conducted in the hospi-
tal designated for COVID-19 in the Haut–Ogooué prov-
ince, namely the Centre Hospitalier Régional Amissa 
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Bongo (CHRAB), during the first wave of COVID-19 
from March to August 2020. During the study period, 
the Centre Interdisciplinaire de Recherches Médicales de 
Franceville (CIRMF) initiated a COVID-19 surveillance 
programme, according to the guidelines of the Gabo-
nese Ministry of Health, the WHO Regional Official for 
Africa and the African Centre for Disease Control (Africa 
CDC).

Surveillance consisted of daily collection of clinical 
specimens including oropharyngeal and nasopharyngeal 
swabs (of all age and sexes), from all patients of all sexes 
and ages attending CHRAB for diagnosis of COVID-19 
infection by polymerase chain reaction (PCR), with blood 
samples collected in parallel for other tests. Patients with 
suspected cases of COVID-19 were either admitted to 
the CHRAB or instructed to remain at home to prevent 
possible transmission of the disease to the wider com-
munity. In addition, PCR tests were repeated in patients 
admitted with COVID-19 on days 10, 14, 21 and 28 after 
admission.

The surveillance included the collection of socio-demo-
graphic information (e.g., age, sex, place of residence, 
occupation), clinical data (e.g., symptoms, signs of illness 
such as loss of smell and/or taste, runny nose, fever and 
persistent cough, fatigue, abdominal pain, chest pain, 
shortness of breath, headache, muscle pain, diarrhea and 
associated comorbidities), medical history, travel history, 
and laboratory parameters.

Two groups of patients were defined according to the 
presence of COVID-19 infection. Patients who tested 
positive for SARS-CoV-2 via nasopharyngeal Reverse 
Transcription Polymerase Chain Reaction (RT-PCR) 
were categorized as “individuals with COVID-19”, while 
those whose nasopharyngeal RT-PCR tests did not yield 
positive results throughout clinical follow‐up were desig-
nated as “healthy controls” [20].

Molecular diagnosis of SARS-CoV-2
Diagnosis of COVID-19 infection was confirmed in the 
laboratory using a real-time reverse transcriptase poly-
merase chain reaction (RT-PCR) from nasopharyngeal 
and oropharyngeal swabs according to African CDC 
guidelines. Briefly, the swab samples were handled under 
a biosafety cabinet and placed in saline (0.9%), and RNA 
was extracted using the QIAamp® Viral RNA mini Kit 
(Qiagen) according to the manufacturer’s instructions. 
The suspension was used for the RT-PCR assay for SARS 
CoV RNA. An extraction control, involving the amplifica-
tion of an equine arteritis virus gene fragment using the 
“TIB MOLBIOL” kit was included to validate the diag-
nosis. The real-time RT-PCR assay was performed using 
a Superscript III RT-PCR kit Invitrogen in simplex, with 
primers and probes targeting the envelope coding for the 
E gene and the RdRP gene coding for RNA-dependent 

RNA polymerase (Tib-Molbiol kit). The reaction was 
performed on a 7500 real-time PCR System (Applied 
Biosystems). Samples were considered negative if the 
cycle threshold (Ct value) exceeded 36 cycles for the E 
gene and 40 cycles for the RdRP gene. In addition, a per-
son was confirmed as a positive case if both nasopharyn-
geal and oropharyngeal swabs were positive, or if either 
was positive for SARS-CoV-2.

Measurement of plasma neopterin concentrations
All blood samples from all participants were centrifuged 
for 15  min at 3000  rpm cycles. Aliquots of sera were 
removed and stored at -80oC until analysis. To measure 
plasma neopterin, we used a commercial competitive 
neopterin ELISA (Neopterin ELISA, IBL International 
GmbH, Germany) and followed the manufacturer’s 
instructions. 20  µl of samples, standards, and controls 
(with known concentrations) were measured in duplicate 
in wells of a microtiter plate coated with a goat anti-rabbit 
antibody. 100 µL of enzyme conjugate and 50 µL of neop-
terin antiserum were added to each well. The microtiter 
plate was covered with black adhesive foil and incubated 
in the dark for 90 min. After incubation, the adhesive foil 
was removed and the plate washed four times with 300 
µL of diluted wash buffer. 150 µL of substrate solution 
were added into each well and the plate was incubated for 
10 min. Finally, to stop the reaction, 150 µL of stop solu-
tion were added into each well.

To determine optical densities (OD) of the samples, 
plates were read using a microplate photometer (Mul-
tiSkan FC, Thermo Fisher Scientific K.K., Tokyo, Japan) 
with a 450  nm filter. Neopterin concentrations (in 
nmol/L) were deduced by fitting average OD on standard 
curves and were obtained for 325 plasma samples for 
which duplicates showed a coefficient of variation < 10%.

Statistical analyses
We used multivariate regression analysis in R to study the 
relationship between plasma neopterin concentrations 
and COVID-19 infection. We considered as predictors: 
COVID-19 status (class variable with two modalities: 
individuals with COVID-19 and healthy controls), sex 
(class variable with two modalities: male and female), 
age at evaluation (continuous variable), symptoms (class 
variables with five modalities: fever, cough, shortness of 
breath, headache and loss of smell and taste), associated 
comorbidities (class variable with four modalities: dia-
betes, cardiovascular disease, asthma and high arterial 
pressure) and time (class variable with three modalities: 
at day 0, day 10 and day 14). We log-transformed plasma 
neopterin concentration to obtain residuals that were 
normally distributed. We then removed the variables for 
symptoms and associated comorbidities because they 
were not easily comparable between groups and there 
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was insufficient data. We then considered only one model 
adjusting for COVID-19 infection, age at assessment, 
sex and time as covariates. We performed post-hoc tests 
based on differences between the least squares means 
using one-way ANOVA. We further conducted a receiver 
operating characteristic (ROC) analysis to distinguish the 
COVID-19 group from the control group, and the area 
under the curve (AUC) was calculated. The 95% con-
fidence intervals (95% Cls) were also calculated when 
appropriate, and a p-value < 0.05 was considered statisti-
cally significant.

Results
A total of 390 samples were collected at the CHRAB from 
March to August 2020. 15 samples with indeterminate 
PCR results, 10 samples with missing age and 45 sam-
ples with missing data between days 10, 14, 21 and 28 of 
monitoring were excluded. Ultimately, 325 samples were 
included and analyzed in this study.

Baseline clinical characteristics
Of the patients, 38% (n = 124) were in the COVID-19 
group, and 62% (n = 201) were in the control group; 
41.5% (n = 135) were female and 58.4% (n = 190) were 
male (Table  1). The mean of age of the patients was 
34.72 ± 15.62 (min-max: 10–77), the mean of age of the 
COVID-19 group was 33.8 ± 14.6, and the mean of age of 
the control was 35.2 ± 16.1. The mean of age of the study 
groups was not significantly different (p > 0.05). Of the 
COVID-19 group, 39.5% (n = 49) were female and 60.4% 
(n = 75) were male, while 42.7% (n = 86) were female and 
57.2% (n = 115) were male in the control group. Neither 
clinical symptoms, nor comorbidity rates differed signifi-
cantly between the study groups (p > 0.05).

Neopterin concentrations and COVID-19 status
ROC analysis found that the best cut-off value of plasma 
neopterin levels for diagnosing COVID-19 patients was 
38.85 nmol/L with 70% sensitivity and 82% specific-
ity (AUC, 0.74 [0.69–0.82], p < 0.05). We found higher 
neopterin levels in COVID-19 group (mean value 45.1 
nmom/L (SD 19)) than the control group (mean value 
33.8 nmol/L (SD 13)) (p = 0.004, Table 2; Fig. 1). Plasma 
neopterin concentrations differed significantly with 
the time since infection, with the first day of sampling 
(mean value 45.1 nmol/L (SD 19)) showing higher plasma 
neopterin than day 10 (mean value 30.0 nmol/L (SD 
2), p < 0.001, Table 2; Fig. 2) and day 14 (mean value 25 
nmol/L (SD 5), p < 0.001, Table 2; Fig. 2).

We also found a significant increase in plasma neop-
terin concentration with age, with older individuals 
showing significantly higher neopterin levels (p < 0.001, 
Table 2; Fig. 3).

Table 1  Demographic and clinical characteristics of patients 
with COVID-19 and healthy controls
Characteristic Control group COVID-19 group
n 201 124
Demographic features
Age (years), mean ± SD 35.2 ± 16.1 33.8 ± 14.6
Gender (m/f ) 115/86 75/49
Symptoms, n (%)
Fever 5 (2.4%) 17 (13.7%)
Cough 3 (1.4%) 7 (5.6%)
Shortness of breath 5 (2.4%) 13 (10.4%)
Headache 2 (1.0%) 8 (6.4%)
Loss of smell and taste 3 (1.4%) 11 (8.8%)
Comorbidity, n (%)
Diabetes 6 (3.0%) 4 (3.2%)
Cardiovascular disease 7 (3.4%) 2 (1.6%)
Asthma 3 (1.4%) 2 (1.6%)
High arterial pressure 9 4.4%) 2 (1.6%)

Table 2  The influence of several factors on plasma neopterin 
concentrations
Variables Estimate F P
Age (year) 0.004 2.87 < 0.001
Sex f: 0.013 0.24 0.810
COVID-19 status Positive: 0.159 3.01 0.004
Days after infection day 10: − 0.344 -2.61 < 0.001

day 14: − 0.601 -3.66 < 0.001
The estimate associated with sex (f: females) was compared with males; 
estimates associated with COVID-19 status (Positive) was compared with 
Negative individuals; estimates associated with day after infection (day 10, day 
14) was compared with day 0

F and P values of full linear models are presented with significant P-values in 
bold

Fig. 1  Differences between plasma neopterin concentrations in relation 
to COVID-19
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Discussion
In the present study, we measured circulating plasma 
neopterin concentrations and investigated the cross-
sectional relationship between plasma neopterin concen-
trations and COVID-19 infection. We found that plasma 
neopterin concentration were significantly higher in the 
COVID-19 group than in control group, and decreased 
gradually over time. We also found an increase in neop-
terin production with increasing age.

Higher neopterin concentrations in patients with COVID-19
The first finding is consistent with previous studies con-
ducted during the COVID-19 pandemic and showed that 
neopterin levels increased in COVID-19 cases compared 
to healthy control [20, 21]. Serum neopterin levels in 
these studies were approximatively two times higher in 
severe patients than in patients with mild symptoms [20, 
21], and four times higher than in healthy [22, 33]. This 
finding support the use of neopterin levels as an indica-
tor of viral infections [17]. For example, a higher level 
of neopterin is associated with seasonal influenza [34], 
serum neopterin levels were correlated with increased 
viral load and mortality in HIV infected populations [17, 
35], and serum neopterin level was an indicator of viral 
replication in hepatitis B and hepatitis [36].

In the present study, the cut-off value for diagnos-
ing COVID‐19 was set at 38.83 nmol/L, with a sensitiv-
ity of 70% and a specificity of 82%, indicating acceptable 
discriminatory power. Therefore, patients with a neop-
terin level above 38.83 nmol/L have a high probability 
of COVID-19 infection. This threshold is 2 to 6 times 
higher than those reported in previous studies compar-
ing COVID-19 patients with healthy controls [20, 22], 
but is lower than the threshold used to identify severe 
COVID‐19 cases [20, 37]. These results highlight neop-
terin’s potential in diagnosing COVID-19 patients in the 
Central African region. Moreover, neopterin may serve 
as a biomarker for detecting the virus, monitoring dis-
ease progression, and predicting outcomes in COVID-19 
patients. This biomarker can contribute rapidly and accu-
rately in the identification of infected individuals accord-
ing to the optimal value defined, particularly in cases 
with asymptomatic presentations where clinical diagno-
sis may be challenging.

Time course of neopterin decline
We found that plasma neopterin concentrations gradu-
ally decreased over time in patients with COVID-19. This 
finding is consistent with previous research [21] and sug-
gests that the immune response is modulated during the 
course of the disease [38]. This may be associated with 
a reduction in viral load in patients receiving mechani-
cal ventilation for COVID-19 [37]. Similar studies have 
shown that neopterin concentrations positively correlate 

Fig. 3  The relationship between age and (log) plasma neopterin concen-
tration (nmol/l), for individuals with COVID-19 and healthy controls. Pre-
dicted values are shown with 95% confidence intervals. Points represent 
the raw (log) plasma neopterin concentration values

 

Fig. 2  Assessment of plasma neopterin concentrations at days 0, 10 and 
14 post infection
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with circulating viral load in HIV-1 infected patients [39]. 
Furthermore, this finding highlights a dynamic response 
that may be important for disease monitoring and man-
agement. Monitoring neopterin levels over time mays 
also assist healthcare providers in assessing disease pro-
gression and evaluating the efficacy of therapeutic inter-
ventions. However, further large longitudinal studies in 
COVID-19 patients and controls are needed to confirm 
the consistency and clinical relevance of this observed 
trend.

Age-related variations in neopterin
Concentrations of plasma neopterin concentration 
increased with age, consistent with several other stud-
ies [40, 41]. This finding is in line with previous stud-
ies showed age as a strongest risk factor for COVID-19 
infection. For example, the percentage of immunocom-
promised people in a population increases with age [42, 
43], and the risk of death is higher in older adults than in 
younger people [44, 45]. Elevated neopterin in older indi-
viduals may also be associated with natural aging-related 
decline in immune system function (immunosenescence) 
[46]. This decline can result in a less effective immune 
response to COVID-19 [47, 48]. Elevated neopterin may 
reflect increased immune activation as the aging immune 
system attempts to respond to COVID-19. Additionally, 
this finding may also reflect the progressive activation 
of the immune system [40, 49]. This elevation may sug-
gest chronic low-grade inflammation that often accom-
panies the aging process, and a further heightened state 
of immune surveillance and chronic immune activation, 
potentially increasing the risk of age-related undiagnosed 
diseases and impairing overall immune function [17]. 
This finding contributes to the increasing evidence that 
neopterin levels can indicate immunosenescence [40].

The observed variations in neopterin levels may be due 
to limitations in our study. The study participants expe-
rienced milder cases of COVID-19 compared to those in 
previous studies where neopterin was investigated as an 
indicator of disease severity and prognosis. Additionally, 
most of our participants were asymptomatic. Finally, the 
study was conducted in a region where endemic diseases 
such as malaria, and other parasitic, bacterial, and viral 
infections might increase the baseline of neopterin [50].

Conclusion
Our findings contribute to the growing understanding of 
neopterin levels in sub-Saharan Africa.

The fact neopterin is a marker of an unspecific inflam-
matory process make it necessary to establish baseline 
level of neopterin as an essential step in the assessment 
of population health, the diagnosis of pathologies such as 
COVID-19, malaria, and other endemic parasitic, bacte-
rial, and viral infections in sub-Saharan Africa. While our 

study indicates potential utility, the sensitivity and speci-
ficity results suggest that neopterin, in its current appli-
cation, may not yet be a reliable biomarker for COVID-19 
detection in this region. Further studies are necessary to 
thoroughly analyze and validate the role and efficacy of 
neopterin as a biomarker for COVID-19 in sub-Saharan 
Africa.
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